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m m m 

[0003] m . ^^X\ ^i^m.m. £ isver&geMr^cDX^ i^^mT^o 

n 

I ( e i X di) ^ 

. V _ i=J d= I di 

e ^.average; — j :::: -j 

d 

mm<Di^mi^m(Dm^kmt\^x. nm in=j+k)(Di^mi^m^mmL-xfj:^y-:f/i^ 

[0004] ^SiRMOVPE (Metal-Organic Vapor Phase Epitaxy) (CI J;5 

ij^^^^l/— if (ASM-LD: All Selective MOVPE grown Laser Diode) 
fi, cn-/^>'i^:/a-fe;^?fg-CffifejZ.;^^7^n«at(BH: Buried Heterostructur 
e) jdSf^j^-c#Si:V >5^m^i^o„ 

[0005] 08{J:#^#f|F:S:ilt4^c:|B^$t^-CV^SASM-LD(O^3tla<S^:^t■o (001) ffi^^^ 
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[0006] ^{C. l2l9(Ctiilgxm^^i-o . (001) ffi^^!feS®^1--5nMlnP^tgl±{C [ 

iio];^iRi{c:t&oT2;2^(Oy^h7^:7'i|^<^®?>fbi/y3:/N'x<.^i3 n m) <Sr?l^ 

[0007] ^LT, r<DSI^i|iggpi4t;ii®^MOVPE^!K:R(iJ;t)nSlnP/<5'>'T^18, 

hm2<D^mpmmwitL.x(DWi^^miei,mm^ti^ m9 (b) ) „ 
i^^^^n^'f^m^m^ (c) ) . ^fi%:^mML'^^^}i\^xvm.npm,m-:fxi^y^m7 

. nMlnP«iSl^"n5/i^S8?r3l^^S-rS(Bl9(d))o -?:LT, ^>fbv'y='^-^:^i^l7 

Sr^^bfc^. pMlnPiJ^^^^KSSirpMlnGaAs^^^i^i^h® 10^i^^^;g$-frS (12 

9(e))o/e<^m. nMlnP^{cm-52:*:<Z)S^Sr?^^b. T®<^n§i«a*3.tTJ5, ± 
B(DpM«@<W^i-5neifbT^^#:u-if*5^^-^§„ 

[0009] ##i^:sti^i:iiii[ii^:^i>i^-j^-yv->^tL{j:i5]^«w^o m^mm 

#47M. MoBl-2, 1999<^5>^ 16 0 

##f^5:ife2::nix^hn^^;^.l/^— X ir27#. Bl4-^. 1991<^. 1268—127 
OH 

##fF:S:ife3:T>^7-rK-:7^>'-/i7;^.lxiJ?«-X ^58#. 1991^, 1952—1954 
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M 

^WW^Xm-M^m 1999<¥. ll>^-^. 32-36H 

96^, 401— 406M 

35#, 1999^, 771— 782K 

##fP:S:ife7:i^^— :^/V-i{'y;?^i5'/^-i/ti^j7;^ ^27^. 1974^. 118-125K 

[0010] ASM-LDTii^^-r^^^^l^-if ^T-gPt(^FflPg^^Jx.(i500 n mM{;iU 
fc^-^. |l|10{^^-rj:5lC— ^(D^^bv'y=3^-9';;^i^l3C0r^^{aiJl;ii|iS490M 
<DJ[2:#Slf|J15;6Sj|^^$tt5„ ZL(r>fzJh^ ^*B$B14tc*^^#F^tt®tr-^tf||l<^^ 

•b^(^l^^f\.^Z.}l\Cfi:^, Z.COWM't. 1119(e) {;i^i-J:9l-InP(^pnpnCDif-t'y;^:?^t 

^3V^TS:J^'^$^i^6^^{C<};t)1^-ry^i5^^«fifei-§npn^7:/i^:7^^5'<^«^^fe^J#^^g 

[0011] Ud^b. ^i|iB§P(-i^^fife;^$'^SDHp«i^;^h7'r^6^^0^i^3l* £ Kaverage) 
^mmi £ l(average)=0)(C;feSJ;5{-fifeS$-fr5^. X^ilggPl-J^^tfe^tV^SS^'^M 
16<D51Z*&3I1: £ 2isiverageW^mm( e 2(average)<0) ^^SSt^/P^^^ 
m^>fc^tc:J;o-C{*¥i^M» £ 2(average);5Sa|#3i» £ 2(critical)^M;t-CL*5o 
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[0012] >i^mm<D^mi^^-"^\^. ^mp^^u±K. mi^fiZMx-m^^infc{i^ti:<khm 

€ (average). e (critical)§:T^<Oi^(-^^b:^#^> 

[^2] 

n 

I(eiXdi) 

. >i_izJ d=Idi 

e (.average; — : = -i 

m<Di^mi^m<Dm^kmt\^x. nm (n=}+k)(D^mi^m^mmi^xf^^^:f/i^^ 

[^3] 

s (critical) = — — . " r {ln(-— ) +1 } 

• 47Cd (1 +p)-cosA b 

^y'/l-^Tt2?i'^::^h'7^Zf(D^i^mm. £ l(ave^age)^il^l:f?•M* e l(critical)ii>(.T 
<?5jEJjiM( E Kcritical)^ c l(average)>0) t?. 

MIEl¥ii$'a'^<^¥*^5g* £ 2(average)«Eg#S» £ 2(c^itical)^T<Z)§l3g^5M(- 
£ 2(critical)^ £ 2(average)<0)*fc«tlS( £ 2(average)=0)t?fcS:iitr#^i:i- 
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[0013] fj:^^ ±iz:^vtim^mm<D:^m^i^. ^wnxm7icmm^tix\,^^o 

^mmm e (average). £ (criticaD^T^<^J;9{-^^Ufc^. 

n 

I(eiXdi) P, 

. . _ i=J d= I di 

e (.average; — ^ j =: -j 

^(D^i^.##:^o^^k^®^b■r. ni@ (n=j +k) (D^Mi^m^mmvxfi^^yy/}^^ 

[^5] 

S (critical) = — j_ \ 5 lln(— — 

Hfrle^5^:^/^^7^Dp<^^;^^^>r:7"<05p^^l: e l(average)}iSSg#M» t Kcritical) 
J^TOjEi^^C £ Kcritical)^ £ l(average)>0)-e. Ao, BUfBf?lt'^e<0¥^*llM 
m. £ 2(average)fifig#ll4 £ 2(criticaDi^iT<?55l5ii93l(- £ 2(critical)^ £ 2 
(averageX 0) i£.fctimm ( £ 2(average)= 0) -Cfe5;ii:<Sri|#mi:i-'5¥^<*^V^— 
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[0015] (f^ffl) 

o 

[0016] Ai. Ga. jn^^ts^mi^m^m^0.M\.tim^. mmm4mim:^\^<D%mm 
(2mi7\^(D^^im. (.3mmi^-^^^i3mmii^h<D-^^^\^—i^B:^. <d3oo 

Tinjgiii!i(c/.ci9. *fc. mmhm<^j:^id>do)o tJ^oT. mmm^^M^'^^DH?^ 

•^^h9^-:/6t:^<D^i^mM £ liaverageWM^i £ l(average)=0) 
M^'t^tJKm'^15\'^^M^'^fcni^^mi6<DW-i^mm e 2(average)mnm^;5> 
/J^^<Jfe^9§l353l( c 2(average)<0)^/.eSo ^bT. J5fe;S^#{;iJ:oT{«Jfe'g-Sl 
60^^3ia: e 2(average)36SK|#aga: e 2(critical)^j@XL-Cb*V ^ (- c 2(critical)> 
£ 2(average)). t&^=-i^?P;6Sjg:iSo :L(Dittb. T>¥L;^-^:^hy-(zf6(D^^i^mm e 1 
(average)^g|#3l» e 2(critical)i^f*3-effi^«IJtC'f b'T^l^t-J^'^. Sf^-^SlS 

(average)<SrtSI#^* £ 2(critical)iJJLf^lCftlxiS^^*S-e^^ |&^^j^?Plc:J;S^^<DB 
[0017] :*:|(S|g{;ij;tt}^.i?'>^/V'^-7"C2p{f-;;^h7>r>^0^:^3i*£ l(average)-SrBg|f3i» 
^mmm e 2(average)^BI#^» £ 2(critical)J^J^|^{^'(g;^^-e#^o ^<Dl^W:. Sj^ 

[0018] [|2|l]>tc|§W0^10^1i6?^S-efc5^^#:ix-if<D^®^itlil 
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[|g|io]$«5i|iigptJ[2:*i§p<oia^^^-r«8iii&lil 

[0019] (^KDHiifeJl^flg) 

[0020] nMlnP (001) StSl (=3p-\'i;T^ft^n=2 X lO'^cm"^) ±KnmAlGaInAs^mZi2^ 
i?)S2(ff$d=40nm. n=l X lO' W^) . (d=6nm. ^* e = + 

1. 4%. l^ai/V'^Nw=10).^<yTM(d=10nm. c =-0. 6%. ^^yT||[Nb=9) 
355AlGaInAs®-efc5SM«M#K*^^#F«tt^3.pMAlGaInAs)t^Cji«) 
S4 (d=40nm. ^^yT^i^p= 1 X lO'^cm'^) . pMlnP^-^5':/®5 (d = 30 

Onm. p=l X 10'''cm'^)Xm!^^tl^f^l(D^^mi^^mi^t\^X(D^y/V^y'^(D 
ouble Hetero)7«^^x^^7'1':7'6(i^^|^. DH7<i^y^h7'l':/i;iq^-SJ);6S?j^^$tl.. pMin 
PmJft:^C25/iJ'M7(d=600nin. p=5X 10"cm"'). nMlnPmiift:/05'i5'^8(d=6 
OOnm. p=l X 10'^cm"^)-CSJ?)i2.*tvTV>5o ^bT. ^OJilCp^InPiJ'^^'KS 
9(d=1600nm. p=ix lO'W"^). pMlnGaAs=3>^^:J'hSlO(d=300nm. M 
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p=l X 10'^cm"^)36S^^$tt. 3€{CTffi(-n{R|«1^11. _hffi{^p{B!ilH§il2;6S^ 
[0021] lll2(c:M5tXa^^-ro 

[0022] j^^H^SfiMOVPEfe^Sr^V ^. M^tbTfi. hy^^/^T/^'5:^!^7i^ (TMAl) . hV 

3 

3 2 6 

[0023] ^-f. (001)DSSrfife«®^-r5nMlnP^l_b(Cl¥$100nm<^^>fki/y3>'|g^ 

l^cvD-eii«i-§o ^UT. -^6<j?5i7;^-byy:/7:7>ffi^^ff5r^^oTi|ii5Mm. mm 

:y'^:^^i3(on^m(DjK,mni5tii^m^m^^^^nmtfi:^ m2 (a) ) o ^h^-Y 

[0024] ^(c:^<7)nMlnPS:Kl^MOVPE^e (ia;^-^-f ) (C-fes/hb. nMAlGalnAs^fe 

^Cj2ii?)a2. aiMftM^Mi^^^TO'l^SS. p{l!jAlGaInAs3feWCaA«)®4. p 

MlnP^-V2/:/^5T'«^$tl^DH^i^x^h7-r:7'6^^^^^«-e?l^^-r5o 
[0025] r<D^#. (lll)B®(j::}3(t"5pMlnPde-Y5/:7'®5<^^«ji£gSr<Sji'f-5ri:{cj:?) 
. nMAlGaInAs3feKCjiJ6^2. ^ffi«M#m»-?#F«14^3. piBlAlGalnAs 

^feHCjAi^) jS4(D (1 1 l)-BM:65pminB®-&^;^^^— $tt. ^(D^^CD-f^-^^X^Wi 

AlGaInAs^^CaiJ?)®2. il4i«§!#m*^#F?StiS3. pffll|AlGaInAs3fePfl 



wo 2005/053126 9 PCT/JP2004/017576 

[0027] ^<D'^. MOVPE^S (|g|:^-^-f ) ib^^mmU -fe/l'7T7-r>':7'n-feP?.(Cj;«97<i^ 
h^y:^(D^i^m^ti^V=^:^-^:^^i7^J^0rr^ (132 (c))o 

[0028] ^i-. S^MOVPE^g (la^-lir-f ) Icl-fe^/hL. pMlnPmgfL>^ci>;/i5'S7. nMlnP 
ir)7!}^hmm\^Xmiti^V='l^'^:^^^J^^^. am SOMOVPE^S-CpMlnP^^ 

[0029] DH^f->^b7^y6(D^*!^^* e l(average)$:BI#M» 

£ 2(average)^te^^b. ^^m^^^UVX^^^o ^(D^^^M3^ 04(^^1-0 

[0030] 03. mmm^m-ir:b^Mm(D^i^m.mtm^mm(Dmm^m^^:^h=74-^6 
[0031] mi(DmmMm<Dm^. DHp<1^;^^7>1':/6Ti*. ^F^ir/^yrsyjsii&^-rs 

$iXfc<J;5(^:DHp<i^;^h7^^'e<D^^M4 £ l(average)^{5{^iS^( £ Kaverage) 

=0) {:il.fdm^<D^^f^^Xh^o :i^X. BI4^^:^urcJ;5^^:DHp<1^;^^7-r7'<^¥ 

£ l(average)^{S{^*l?g( £ l(average)=0) S^-^SO^ 
£ 2(average){*5l3Sfl{l"J<^8li^M*^Mx.Tbl^oT*3«9. ^^mm^X^ 
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y<>h94yX'(DW-i^^M £ l(average)36SJEEi!i^^fflfl{Ci<^7hLTj3»9. ^fliZ^^X^ 
n^^m<0^i^mm e 2(average);^S^^^i^L-CV^S(|g|f ^^^:->:7^bTV^^)o ^<Of^ 
DH^i^-^h^-r^^cD^i^Sift £ l(average)^|f jfe-^e<D^J^M4 £ 2(average) 

[0032] fsi. M<D^j#{i. m^n(D^mm^^K.^^tizx^n^^ti)tx^^o 

(Dm^fe#^4^27U^2^fls:<D♦&^^^#:;0>bt^-^bfc^Sfi lum(^AlGaInAsT% Mil 

[^1] 



AlxGaYlrizAa 


AlH^iX 


Gaia^:Y 


In«gi;e:Z 




0. 347 


0. 127 


0. 526 


-O. 6%?l5Sy^.lft:g1um 


O. 338 


O. 223 


0. 439 



[0033] {m2(Dmmmm) 

[0034] nMlnP (001) mmi (^^VTm&n=2 X lO'^cm"^) _b{z:nmAlGaInAs^3fe^C 
)ife^2a(fl[$d=40nm. ii* e =+0. 31%. n=l X lO'^cm"^) , l^ai/^® (d= 
6nm, e = + 1. 4%. l^73i/V^Nw=10) joiU^. ^^UTS (d = 10nm, e =-0. 93 
%. ^^yTicNb=9);5SAlGaInAs@-efeSllM«M#mft^#F^t^3. pMAl 
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GaInAs^3teMCjiJe)^4a(d=40nm. £ =+0. 31%. ^^yT^g^p=l X lO'^ 
cm"^) . pMlnP^-^5/y^5 (d= 300nm. p= 1 X lO'^cm'^) Xm^^tl^MK^^ 
m^^mMi$-tVX(DDn?t-^y^hy^':^6^^^^^tl. pMlnP«gfe:/i35/^® 7 (d=60 
Onm. p=5 X 10"cm"^) . nMlnPm^^^i^yiJ'SS (d=600nm. p= 1 X lO'W'^ 
) ■CS^^)3^*^^TV ^UT. pMlnPi!^75/K® 9 (d= leOOnm. p = 1 X lO'^cm"^ 
) , pSlnGaAs=i:/^;{^bSlO(d=300nm. p= 1 X lO'^cm"^) 

[0035] ^^-e. mi(Dmm^mt<DT^^ x^yTS<^M»^-o. 93%(::ii 

:zt\^X, Y>ii;^'^:^h'7^Zf6(D^m^M £ l(average)i:S^'a'®1605p:^^A £ 2 

(average)^l!S#M*J^Tt-«]^JUTV >5o 
[0036] |1|6«. m2(D||»^^(;ioVN-C^5rW-r5^:a«<^¥^S4^^fia/9<75M# 

?r^i-5^;Be-Cfe9x B^J^^e-ef*. DHptif;^h7-Y>^6(D3feMCii«)«2a. 4ai: 

[0037] Il|6l;:^i-J;5l^x DH^1?-;^h7-l':/<^¥*^3l* £ l(average)i:S^'^»16(D5p^ 
Sft £ 2(average)i:«. 3feKCji«)Mt-<^5X.^^iStCj;«9. m^Kit^Xm^^ 

[0038] mvKUH^^-^p^hy^ytnm^m \z.i6ii-^^i^mm(Dmni^'^^^(Dm mmu 
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%X-m^M(DO. 414%K7&\^MlMX-h^o ^fc. AlGaInAs5tPflCii«>e^*20nmr- 
&5o 

[0040] i^JLTi-. m7(D^^^^mm\mmir^o m-^M^wx-fi^n^n^fz.m^. mm 
[0041] i^. m7x-^:^^*^tu IX m^y<D^i$ux\'m^'kMhBM^^ti^^M^fvbo - 

[0043] l'-'nMlnPS*R 

2- • -nSlAlGalnAs^KCiii?)^ 
2a- • 'nmAlGaInAsm^m^^it>M 

3" '^i^mmm^MM^^^^i^m 
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3a- • •fl^fiA^^F^i*® 
4- • -p^AlGalnAs^tKCii*^ 
4a • • -p^AlGalnAs^^MCiiJ?)® 

9«-*pMlnPi^75/KS 

10- • •pMlnGaAs=i:/t?iJ'h® 

ll'"nffi,iJS® 

i2---pftijm# 

14...^i|iS|flJ 
15'"Jl£i|iilfP 

17* • •^^bi/!J='^'^^i5' 
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spi^^j £ (average). £ (critical)^SrT^<^J:5l-^^^^-^'^- 

[^1] 

n 

I ( e i X di) n 

i=1 d=Idi 

£ (average) — ^ { = 1 

d 

s (critical) = ~ o^p),eosA ' 

|^f|gy^7^^■7^cl^1^>^^7^:/0^i^^*e l(average){*BI#3l* £ l(critical) 
^T(DBm^i £ Kcritical)^ £ l(average)>0)-e. 1.0. MIBS^'^®<^¥J^ii 
* £ 2(average){*ISIIf^* £ 2(critical)£JlTO§l5g«9^(- £ 2(critical)^ £ 2 
(average)<0)*fc{*^3l( £ 2(average)=0)-efe^r^^^^^-t-5¥S(*:i^-lfo 

[2] tfimm^^Mmi^<p'^j^<th^m\:^^ibmtA^^^m^m^^t^^t^wmir 
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[3] MIB^^^;SM {CAlInAs*fcf*AlGaInAs;iS^*ttTV ^^^t^^WLtir^m^m 

£ (average). Bg#^» 6 icnticai)^T^(DXoi^^mUtm^. 
n 

I( e i X di) 

>k-i^J! d=Idi 

e (.average; — j^^-j 

d 

mcDi^^mi^mcom^i^mti^x. nm in=}+k)<D^mi^m^mm\^xf^^yy/^^^ 
[M 

s (criticaO = - — -• ■ s 1 {ln(— — ) +1 } 

47Cd (1 +p>"cosA b 

Wi^yy'/^^^'ru^-^:^hv4y<D^i^MM. e l(ave^age)^^ggJ?•3l* £ Kcritical) 
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&.T(DmmMi £ Kcritical)^ £ l(average)>0)-t:% Ji.o, mmW^'^m<D^^^ 
4 £ 2(average)f*ESI?-S» £ 2(critical)J^T<0§l3St)M(- £ 2(critical)^ £ 2 
(average)<0)*fc««||^( £ 2(average)=0)-efeS:i^^#iS[^f -5^^#:V^— if<?5 

[7] MfEiStFi^ifeft^ (CAlInAs*/cf*AlGaInAs;5S-^*tl.TV ^^^tt:mWl.t'r^m^m 
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